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(54) Improved process for the production of vinyl acetate 

(57) In a process for production of vinyl acetate by ene is recovered from the gases withdrawn from the re- 
the reaction of ethylene, acetic acid and oxygen, ethyl- actor and recycled such that the amount of ethylene in 

the combined feed to the reactor is at least 60 mol %. 
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Description 

[0001] The present invention relates to a process for the production of vinyl acetate. 

[0002] Vinyl acetate may be produced by the acetoxylation of ethylene in the presence of a palladium-containing 

5 catalyst. In addition to vinyl acetate, carbon dioxide is produced as a by-product. 

[0003] In commercial operation, vinyl acetate product and unreacted ethylene are recovered from the gases exiting 
the reaction vessel. The unreacted ethylene is recycled, together with fresh ethylene to the reaction vessel. The recycled 
ethylene contains some carbon dioxide and other by-products as well as some inert gases such as nitrogen and/or 
argon. The presence of these components limits the concentration of ethylene in the feed to the reaction vessel. 

10 [0004] The factors which influence the selectivity of the process towards vinyl acetate are not fully understood. The 
general view taken by those skilled in the art is that once the concentration of ethylene in the reactant mixture exceeds 
a threshold value, the rate of formation of vinyl acetate becomes independent of the concentration of ethylene. The 
rationale behind this view is that even if ethylene is involved in the rate determining step, the rate of formation of vinyl 
acetate with respect to ethylene will tend to zero once an amount greater than the stoichiometric amount of ethylene 

15 is exceeded. In other words, as long as an excess of ethylene is present in the reactant mixture, the magnitude of this 
excess should not have a bearing on the amount of vinyl acetate produced. 

[0005] This general view or technical prejudice is supported by experimental data in Davidson et al. (Front. Chem. 
React. Eng., 1984, (1) 300-313). The data show that in acetoxylation reactions carried out at atmospheric pressure, 
the amount of vinyl acetate produced remains substantially constant as the ethylene concentration is increased be- 

20 tween 31 .6 mol % to 47.4 mol %. 

[0006] The technical prejudice also extends to acetoxylation reactions performed above atmospheric pressure. In 
Abel et al. (Chem. Eng. Technol. 17 (1994) 112-118), ethylene, acetic acid and oxygen are reacted together at a total 
pressure of 8 barg. The document recites that the rate of formation of vinyl acetate is independent of the concentration 
of ethylene in the reaction mixture, provided that the concentration of ethylene exiting the reactor is above 30 mol %. 

25 To ensure that the effluent concentration exceeds this value, ethylene feed concentrations of 57 mol % are employed. 
[0007] R S Shetty and S B Chandalia in Metals and Minerals Review Dec. 1970 35-40 propose that in an industrial 
process an ethylene concentration of more than about 65% may be chosen to keep outside the explosive limit. However 
in an experiment using a gas mixture containing a mole ratio of ethylene to oxygen of 69.3:30.7 the catalyst activity 
changed rapidly with time. Furthermore, the concentration of acetic acid and hence the ethylene concentration is not 

30 apparent. Neither is it apparent whether ethylene was recovered and recycled. 

[0008] Nakamura et al in J. Catal. 17 (1 970) 366-374 describes the effect of potassium acetate on the catalytic activity 
of a palladium catalyst with a feed gas of ethylene: oxygen: acetic acid of 80:1 0: 1 0 (Figure 4). However it is not apparent 
that ethylene was recycled nor is any beneficial effect of high ethylene concentration described. 
[0009] Samanos et al in J Catal. (1971) 23 19-30 describe the rate of reaction forming vinyl acetate varying linearly 

35 with ethylene partial pressure whilst the rate at which carbon dioxide is formed remains constant. However, it is not 
apparent the ethylene is recovered and recycled in the experiment. 

[0010] We have now found that when vinyl acetate is produced above atmospheric pressure, the selectivity towards 
vinyl acetate increases as the concentration of ethylene in the reactant mixture is increased above 60 mol %. This 
finding is contrary to the technical prejudice in the art. 
40 [0011] Accordingly, the present invention provides a process for the production of vinyl acetate, said process com- 
prising the steps of: 

(a) introducing ethylene, acetic acid and an oxygen containing gas into a reactor, 

(b) reacting said ethylene, acetic acid, and oxygen-containing gas in the presence of a catalyst material in said 
45 reactor to produce vinyl acetate at above atmospheric pressure, 

(c) withdrawing from said reactor gases comprising unreacted ethylene, vinyl acetate, carbon dioxide by product 
and inert gases such as nitrogen and/or argon; 

(d) recovering from the gases withdrawn from said reactor, unreacted ethylene optionally together with minor 
amounts of said carbon dioxide and inert gases, and 

so (e) introducing the recovered ethylene from step (d) and additional ethylene to said reactor in step (a) wherein the 

amount of ethylene in the combined feed to the reactor is at least 60 mol %. 

[0012] Preferably also, the method further comprises the step of recovering the vinyl acetate produced. 
[0013] The present invention provides a novel and cost effective route for the production of vinyl acetate at above 
55 atmospheric pressure, 0 Pa gauge (0 barg). The reaction may be carried out at a pressure of between 5 x 10* Pa 
gauge (0.5 barg) and 2 x 10 6 Pa gauge (20 barg), preferably between 6 xlO 5 Pa gauge (6 barg) and 1 .4 x10 6 Pa gauge 
(14 barg) and, most preferably, between 7 x 10 5 Pa gauge (7 barg) and 1.2 x 10 6 Pa gauge (12 barg). These pressure 
conditions are believed to affect the interaction between ethylene and the surface of the catalyst such that an increase 



2 



EP 0 985 657 A1 



10 



15 



liSSS^ITSL 1 !!: T"*" 0 " " * <*~«<l vhon n. .moon, of ethylene In the M „ ,„ or . asM 

•tow CO M A. Th,s effea » surpns.ng: lha rate of .to* acetate production Mr. rasped to athyl.n. Is .xZT2 ^ 

n the feed is also found to reduce the amount of carbon dioxide produced as a by-product This h Tturn 2r Zil 
c^i^^ 

fSo^U^i"^^ inVenti ° n bS fiX6d - bed " flUid - b6d 3 fl " id - bed —fr- 

IVOI 6] The catalyst suitably comprises a Group VIII metal and a promoter. Preferably the catalvst further 
a co-promoter. These compounds are suitably accommodated on a support * comprises 

[0017] With regards to the Group VIII metal, the preferred metal is palladium. The metal may be present in a con 
centration of greater than 0.2% by weight, preferably greater than 0.5% by weight, especS about T% b IS. 
based upon total weight of catalyst. The metal concentration may be as high as 10% ? 2, Suitlble source^ 
palladium include palladium (II) chloride, sodium or potassium tetrach.oropalladate M) <nS5£ or K PdC? TZ? 
dium acetate, palladium (II) nitrate, H^dCU or palladium (II) sulphate IWW4 K 2 Pdcl 4). Palla- 

in°dI2 niw^i" 0 " '? the w Gr ° UP Vl " me,a1, the Cata ' ySt C ° mpriSeS a P romoter - Suitabte Promote™ include gold copper 

5SJ2^ P TSS 'SSSiff*'- t s r ita K b,e sources of 90,d inc,ude go,d chloride - ^ach.oSu'n?S 

s HAuC ' Tht . m6thy ' 9 ° ld aCetat6, bar,Um a oetoaurate or gold acetate. The preferred gold compound 
Liof tk . me,al may be Present in an amount of from °- 1 to 10 % by weight in the finished cTtX 

0019] The caalyst composition may comprise a co-promoter material. Suitable copromoters include G«,S A Grouo 
II. lanthan.de or transition metals, for example cadmium, barium, potassium, sodium iron manganese nickel anZ£ 
ny. and/or lanthanum, which are present in the finished catalyst as salts e g an acetate S^ZSS'JT^ 

STSE ° r m 0d T rr tat % The C °- Pr0m0ter may be Present in ,he S5St« SSS-n « n a Sn'cSonTup 3 " 
15 /0. Where the catalyst is a fixed bed catalyst, the co-promoter concentration is preferably between 3 and 11 X 

Imotlrm^J Tl " ' ^ ""^ "* "* ' S intr ° dUCed int ° tha -actoMn ^Tquid fol thTct 

promoter may be present in a concentration of up to 6 wt % oreferablv betwppn r * z 0/ „ ' 

P ™: e mf a b ,yst is a r bed cataiyst and the acetic isa sri 

promoter may be present in a concentration of up to 11 wt % of the total catalyst 

EI?? i T r he aCtiV ' ty f u atalySt may de ° reaSe Wi,h time " ln P articular - du « '0 the volatile nature of the co-oromoter 
the level of co-promoter ,n the catalyst material decreases with time, thus resulting in loss ofSiSSTSt 
to maintain a constant concentration of co-promoter in the catalyst, fresh co-promoter may be added toS «SZ 

or o the liquid recycle acet,c acid. Alternatively, the additional co-promoter may be intmduced as a soTufion e a ^ 
* W 3C,d d ', rect,y by spra y in 9 ,hrou 9" a s ^ a °'« injection means such as a nozzle 9 " 
[0021] The catalyst material is a supported catalyst. Suitable catalyst supports include porous silica alumina <,.!■«,/ 

process involves impregnation of the support material with a solution containing the required Grou ^ VIM mPtTi a nH h 
promoter metal in the form of soluble salts. Examples of such salts are soluble 

aniw ouZTl an aqueo ^ h so,ution and the volume of so,u,ion used iS Such thiTSS^JoSTS 

50 fn ft ,« 1 P 6 VO ' Ume ° f the SUpport ' P refera °'y 50 to 99% of the pore volume 

preferibly S toT e o?o2r^^ iS I drie H ~ " duoed Pr6SSUre and from ambient temperature to 150>C. 

upp^ 

s5 S^ste^ 

thelelreSucL^ 

the wet, reduced, washed material is impregnated with co-promoter then dried ««ema«veiy. 
SSIJZS&'J^' 1 *^ ^ 66 ,0 ° PtimiSe Cata,ySt Perf °— e ba - d on maximising 
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S?th J" 16 prOCess ° f * he ? re f ent invention comprises reacting ethylene, liquid acetic acid and an oxygen-containing 
™» „r„ , P ?r 6 Ca ? V * materiaL Ethy ' ene may b ° US6d in substantially pure form or admfced with one or 

!Ees S M ' Carb °" di ° Xide W3ter the 1 ° m ° f Steam ° r °" e ° r more of hydr °9 en - W 

s 10027] The amount of ethylene in the combined feed to the reactor is at least 60 mol %. The upper limit to the ethylene 

ZZZT" "V ? ""I"'", 6 d ,6edS iS d6termined by 3 nUmber ° f fact0rs inc,udi "9 < a > toe "2- *> n-e oxygen and 
a % ^ l T , , 6 fe6d (b) the ' 0SS ° f ethy,6ne in 9aS pur 9 e from the reactor to ^ove carb^ dioxide 
feedTsuototsl?^ 

'0 80 mol %! Preferably, the amount of ethylene in the combined feed is in the range at least 60 mol % to 

[0028] Operating with higher ethylene concentrations can lead to an increased loss of ethylene in the gases vented 
reduced* Thf ° n TT ,0 rem ° Ve Carb ° n di ° Xide and inerts - However ' if the <™ °< '"erts in the system can be 

S rLTT, PU , r9e 938 WhiCh h3S t0 be Vemed Can be reduced and hence the ,oss ° f at "y'e"e can also be 
15 r!n UC6d - The " eed to vent P ur 9 e 9 as from tn e reactor to remove inert gases such as nitrogen and/or argon may be 
15 reduced in one or more of the following ways : y 

Reduce/minimise inerts such as nitrogen, methane and ethane in the ethylene feed gas. 
Reduce/minimise inerts such as nitrogen and argon in the oxygen feed gas. 
Reduce/minimise inerts such as dissolved nitrogen in the acetic acid feed 

Reduce/eliminate inert gas purges to instruments, for example by using ethylene or carbon dioxide purges 
Use carbon dioxide as purge gas. 

Reduce/minimise inerts from catalyst transfer operations or use ethylene or carbon dioxide 
Reduce/eliminate leakage of nitrogen into the oxygen via sparger purge system. 
Reduce/eliminate air leakage into the vacuum system of product recovery 

Reduce/minimise inerts in water used in the off-gas prescrubber prior to the carbon dioxide removal system (Ben- 
Design the oxygen injection system to reduce/minimise the use of inert gas. 

J he ° Xy9en - co "toining gas may suitably be air or a gas richer or poorer in molecular oxygen than air. Suitably 
the gas may be oxygen diluted with a suitable diluent, for example, nitrogen, argon or carbon dioxide. Preferably the 
gas 'S oxygen. The amount of oxygen in the combined feed to the reactor is determined by factors such as conversion 

tTe rLt, ' imitS f ^ 93SeS eXitin9 thS reaC,0r - Preferab '* the am0Unt ° f °^ en - «"« combed feed to 

the reactor is in the range 4 to 15 mol %, suitably 4 to 12 mol%. 

Sin J 8 aC6tiC f ' d "2! bG in,roduced int0 th e reactor in liquid form. Optionally, some acetic acid may be intro- 
duced .n the vapour form. The acetic acid need not be highly purified, that is it may be crude acetic acid Suitably the 
in wnichT "^H 1 ? intr ° duced into th e fluid bed reactor by any suitable injection means, for example by a noile 
Hoi iv 9 ? h USe . T* atomisation of th e liquid or, liquid-only spray-type nozzles may be used. Addi- 
7 , aC6t,C aC,d may be '"'Educed into the reactor. The re-cycled acetic acid optiona.ly containing small 
amounts of water may be pre-mixed with the crude acetic acid or may be introduced into the reactor using a separate 

7^™™- TT^ f m ° Unt ° f 3CetiC aCW in thS C ° mbined feed 40 toe reactor is in the rangHno to 20 mol 

af Iri* h ° U H r ,' S SSS !. han 6 Wt% ' Preferably l6SS tnan 4 wt% ' more P referab| y ««» than 3 wt% of the total 
of acetic acid and water entering the reactor. 

preferably Tao^wI^^ ^ 3 ^ ^ SUitab ' y ° Perated * 3 te ™Perature of from 100 to 400°C. 

[0032] The process may be carried out in a fixed bed or fluid bed reactor. 

[0033] The unreacted ethylene may be recovered from the gases withdrawn from the reactor by the steps of (i) 

^ST? ? "If Pr ° dU K CtS ^ 93868 by condensation a "° C) bating the gases from step (i) to recover 

ethylene, for example by membrane separation or chemical treatment. The condensable products may be separated 
from the withdrawn gases by condensation for example by using a heat exchanger or by quenchTng the gases S 
fnC 9 Tk °, a "° W ° f ' iqUid 3CetiC aCid and/0r condensable products which absorbs the vinyl acetate product 
treatment may comprise the steps of (a') contacting the gases from step (i) with acetic acid in a 
t0 f rem0va re f ,dua ' acetate P r °cuct; (b') treating the product of step (a") with water in a scrubber to 
remove acetic acd and (c") removing carbon dioxide from the ethylene in the product for step <b') by contacung with 
potassium carbonate. A Benfield system may be used. ' ' 9 

E22 . Th6 H e 3nd ° ther aSPeCtS ° f ,he PreSent inventi0n wNI now be described with reference to the following Ex- 
periments and accompanying Figures in which: B 

Figure 1 is a schematic diagram of a fluid bed reactor for use in a preferred embodiment of the present invention. 
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£ \ Z 1 1 ° °! ? a ra f te ° v,n yj acetate Production versus ethylene concentration for Experiment 1, 

F nu f ! ! P * °/l T ° d '° Xlde production ve ^us ethylene concentration for Experiment 1 , 

Faure 5 1 1 221? ? T£ ^'Z^ 3 * Pr ° dUCti ° n VerSUS ethy,ene concentration for Experiment 1, and 
Figure 5 is a plot of the selectivity of v.nyl acetate production versus ethylene concentration for Experiment 2 



Experiment 1 
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(a) Preparation of the fluid bed cataiyst support 

from S L^t T ^T a{ SjNC f S Tr? rt W3S Prepar6d 5y ******* a mixtur * of Nalco silica sol 1060 (obtained 
from Nalco Chemical Company) and Degussa Aerosil ® silica (obtained from Degussa Chemical Company) In the 
dned support, 80% of the silica came from the so. and 20% of the silica came from the AeSi^^rE 
microspheres were calcined in air at 640°C for 4 hours. spray-oried 
[0037] The particle size distribution of the support is as follows: 



Particle Size (microns) 


% 


>3x 10" 4 m(> 300) 


2 


4.4 x 10- 5 m - 3 x 10" 4 m(44 - 300) 


68 


<4.4 x 10-5 m(<44) 


30 



SLe ltS ^ U 't b f K^ erSt00d tha * the PartiC,e Si2e distribution 9iven above is not intended to be limiting and that 
var,at.ons .n th.s distribute are contemplated depending upon reactor size and operating conditions. 

(b) Preparation of catalyst 

In 0 d 3 ?A u n e vH o a r P r° rtab To, (1 A 0k , 9) WaS im P re 9" ated with a s o'"«on of Na 2 PdCI 4 .xH 2 0 (containing 21.4g Pd) 

irSto^ir 7 3 f. U "1 diSt, " ed Hz ° by indpient wetness " The resultingmixture was mixed thor- 
oughly, left to stand for one hour and dried overnight. 

w^LuIwV mpre H na !! d ma,eria ' WaS the " added S,0wly to a 2% solution of N 2 H 4 in distilled water and the mixture 
HO rZt h T H° CC f ,ona,stirrin 9- thereafter, the mixture was filtered and washed with 4 x 8.3 iitres disfilted 
H z O. The solid was then dried overnight. wu 

[0041] The material was impregnated with an aqueous solution of KOAc (76.7g) by incipient wetness The resultina 
mixture was mixed thoroughly, left to stand for 1 hour and dried overnight. resulting 

(c) Preparation of vinyl acetate 

!eaSr X^^T ^ * ° " ° *> Md ~ * * " *° 

!Sh™f° r 10 de . fine ! 3 tU , bU ! ar h ° USin9 12 having an outlet 14 " and first and second 16. 18. The reactor 
1 0 further comprises a sintered grid plate 20 positioned within the housing 12 

SSL ln ° perati0n ' the reactor 10 is charaed with 3 00g of a fluid bed catalyst to form a fluid bed. Feed gas comprising 

EXISTS 0Xy9en ' ^ POriSed 3CetiC 3Cid ' and ° pti0na " y vapourised water is introduced "*> the reaX lol"a 
«L« "2? 6 ' ° Xy9en and/0r mtr ° 9en is introdu ced into the reactor 10 via the second inlet 18 

K e rla^MO 0 !, 9 ^^ 6 T* 18 " C ° ntr °" ed by maSS fl ° W C ° ntr ° ,lerS < not show ">" Ac *«o «** * ™ 
o °. r a J!ff f ?J 9/h0Ur ° Xy9en ,S introduced v * the first and second inlets 16. 18 such that the 

total rate of oxygen into the reactor 10 is 83.3g/hour. The flow of ethylene is varied as shown in Table 1 A constant 
volumetric gas throughput is maintained by adjusting the flow of nitrogen accordingly. ' 
[0046] The pressure in the reactor 10 is controlled at 8 barg and the reactor temperature is maintained at 152=0 
(measured at 6 points within the fluid bed). A.I lines (not shown) feeding to and from the reactoTTo a e hea ed fnd 
maintained at 160°C to prevent the reactor feeds and/or products from condensing therein 

Eh Eh.]?* 9a f eous , eff "i ent is analvsed on-Hne using a Chrompack Model CP9000 gas chromatograph equipped 
T£1J?7 o " D ? 6C,0r(S) (RD) and Therma ' C ° ndu otivity Detector(s) (TCD) Ethylene and carbon dioxide 
are separated using a Poraplot U column and quantified by TCD. Oxygen and nitrogen are separated on a m^lecutar 
sieve column and quantified by TCD. Viny! acetate and acetic acid and other by-products are b^ .^S 
capillary column and quantified with FID. 
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Results and Discussion 

[0048] The results of Experiment 1 are shown in Table 1 below. 
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Example 


Mol % 
Ethylene in 
feed 


g/hr 
Ethylene in 
feed 


g/hr 
Nitrogen in 
feed 


gVA/hr in 
product 


gCCyhr in 
product 


gVA/kg -cat/ 
hr(1) 


%VA 
Selectivity 
(2) 


1* 


20 


175 


503 


| 118 


25.9 


I 393 


82.3 


2* 


28 


246 


433 


135 


22.7 


449 


85.8 


3* 


36 


316 


362 


141 


21.0 


471 


87.3 


4* 


40 


353 


326 


149 


20.7 


496 


88.0 


5* 


40 


353 


326 


151 


20.8 


503 


88.1 


6* 


44 


387 


292 


148 


19.8 


495 


88.5 


7* 


52 


458 


222 


158 


18.4 


525 


89.7 


8 


60 


528 | 


151 


164 


18.5 


548 


90.1 
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(1) grams of vinyl acetate produced per kilogram of catalyst per hour. 

(2) VA selectivity = VA/(VA + 1/2 C0 2 ). 

™Li«n Ure 2 ShOW L how th t T 0f vinyl acetate produced varies as th « concentration of ethylene in the feed 
composition increases. The graph shows that as the ethylene concentration is increased from 20 mol % to 60 mol % 
the rate of vinyl acetate production increases. ' 
[0050] Figure 3 shows how the rate of production of carbon dioxide varies as the concentration of ethylene in the 

'TT T w he , 9raph Sh ° WS that as the etnylene <™<*ntration is increased from 20 mol% to 60 
mol%, the rate of carbon dioxide decreases. 

SITiJS? l ShOWS T S6 J eCtivity of the P focess becomes increasingly selective towards the production of 
vinyl acetate as the concentration of ethylene is increased. Experiment 2 

(a) Preparation of the fluid bed catalyst support 

[0052J In this Experiment, a fluid bed catalyst support prepared in accordance with Experiment 1 is employed. 

(b) Preparation of catalyst 

SSSh uA e ^ id u^? atalySt SUPP ° rt (54 4k9) iS ''"Plated with a solution of Na^dCU.x^O (containing 1000g 
Pd) and I HAuCI 4 .xH 2 0 (containing 400g Au) in distilled H 2 0 by incipient wetness. The resulting mixture was mixed 
thoroughly, left to stand for one hour and dried overnight. mixture was mixed 

[0054] A portion of the impregnated material (1 8kg) is added slowly to a 5% solution of t^H. in distilled water The 

° Stand " ith i0na ' Stirrin9 - Thereafter ,he miXtUre Was filtered andwa'shed with 4 x 200 lilres 
distilled H 2 0. The solid was then dried overnight. 

[0055] The material was impregnated with an aqueous solution of KOAc (1 .3kg) by incipient wetness. The resulting 
mixture was mixed thoroughly, left to stand fori hour and dried overnight. ne resuiung 

(c) Preparation of vinyl acetate 

[0056] Vinyl acetate is prepared using the 0.0381 m (1 .5") diameter fluid bed reactor of Experiment 1 above Acetic 
acid is introduced into the reactor 10 at a rate of 227g/hour, and oxygen is introduced at a rate of 83.3gZTr 

Results and Discussion 

[0057] The results of Experiment 2 are shown in Table 2 below. 
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Example 


Mol % 
Ethylene in 
feed 


g/hr 
Ethylene in 
feed 


g/hr 
Nitrogen in 
feed 


gVA/hr in 
product 


product 


#-l\/A Urn 

gvA/kg 
-cat/hr(1) 


%VA 
Selectivity 
(2) 


Q 


60 


529 


173 


174 


18.6 


580 


90.5 


10 


66 


581 


120 


1 VJ57 


1 T A 

1 / .4 


562 


90.8 


11 


72 


634 


67.5 


175 


17.5 


585 


91.1 


12 


77.4 


682 


19.8 


167 


16.1 


557 


91.4 


13 


60 


529 


173 j 


164 


18.0 


548 


90.3 


14* 


54 


476 


226 


155 


17.4 


517 


90.1 


15* 


47 


414 


288 


149 


17.6 


495 


89.6 


16* 


40 


353 


350 


144 


18.6 


479 


88.8 


17 


60 J 529 


173 


147 


15.8 


491 


90.5 
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(1) grams of vinyl acetate produced per kilogram of catalyst per hour 

(2) VA selectivity = VA/(VA +1/2 C0 2 ). 

Ses^TalS n T ?nJjT ed m Chr0 "°? 9iCal ° rder " 030 be See " from a «W« of the results of 
Examp es 9, 13 and 17, a notable decrease in catalytic activity is observed over the course of this Experiment This 

dS corner meanS ,hat ra,6S ° f aC6tate - b0n di0XidS Pr ° dUCti0n ° f the exa-P.es cannol be 
[0059] Figure 5 shows how the selectivity of the process becomes increasingly selective towards the production of 
vinyl acetate as the concentration of ethylene is increased beyond 60 mol %. production of 



30 



Claims 



35 



. A process for the production of vinyl acetate, said process comprising the steps of: 

(a) introducing ethylene, acetic acid and an oxygen containing gas into a reactor 

(b) reacting said ethylene, acetic acid, and oxygen-containing gas in the presence of a catalyst material in 
sa.d reactor to produce vinyl acetate at above atmospheric pressure- material m 

S^nH dra ^ in9 fr0m Sa u reac,or 9 ases """Prising unreacted ethylene, vinyl acetate, carbon dioxide by-prod- 
4 0 uct and inert gases such as nitrogen and/or argon; 

(d) recovering from the gases withdrawn from said'reactor. unreacted ethylene optionally together with minor 
amounts of said carbon dioxide and inert gases; and 

fhi^ dU ? in9 Hf ; eCOVer t d ethylene from step < d > and additional ethylene to said reactor in step (a) wherein 
the amount of ethylene in the combined feed to the reactor is at least 60 mol %. 



45 



L P *Z!^ C ' aimed J n Claim „ 1 WhiCh 6thy,ene is recovered **>m said gases withdrawn from said reactor by 
the steps of (,) separatmg condensable products from the gases and (ii) treating the gases from step (i) to reZZ 
ethylene by membrane separation or chemical treatment. recover 

„ 3. A process as claimed in claim 2 in which the condensable products are separated by use of a heat exchanger or 

C ° Unter ,0 3 fl ° W " " qUid aCe « C ^ — C — a Products^ 

4. A process as claimed in claim 2 or claim 3 in which the chemical treatment comprises the steps of (a') contactino 
the gases from step (,) with acetic acid in a scrubber to remove residual vinyl acetate product" (b') treaMnq he 
product of step (a') with water in a scrubber to remove acetic acid; and (C) removing carton dtod£tS the 
ethylene in the product from step (b') by contacting with potassium carbonate. 
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A process as claimed in any one of the preceding claims in which the amount of ethylene in the combined feed to 
the reactor is in the range at least 60 mol % to 85 mol %, preferably in the range at least 60 mol % to 80 mol %. 

A process as claimed in any one of the preceding claims in which the amount of oxygen in the combined feed to 
the reactor is in the range 4 to 15 mol %. 

A process as claimed in any one of the preceding claims in which the amount of acetic acid in the combined feed 
to the reactor is in the range 10 to 20 mol %. 

A process as claimed in any one of the preceding claims in which the ethylene, acetic acid, and oxygen-containing 
gas are reacted in said reactor at a pressure of between 5 x 10 4 Pa gauge (0.5 barg) and 2 x 10 6 Pa gauge (20 
barg), preferably between 6 x 10 5 Pa gauge (6 barg) and 1.4 x 10 6 Pa gauge (14 barg), most preferably between 
7 x 10 5 Pa gauge (7 barg) and 1.2 x 10 6 Pa gauge (12 barg). 

A process as claimed in any one of the preceding claims in which said catalyst material comprises a Group VIII 
metal, preferably palladium, a promoter selected from the group consisting of gold, copper, nickel and mixtures 
thereof and optionally a co-promoter selected from the group consisting of Group I, Group II, lanthanide and tran- 
sition metals. 

10. A process as claimed in any one of the preceding claims in which the reactor comprises a fluid-bed reactor and 
the catalyst comprises a fluid-bed catalyst. 
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